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Abstract 
Since August 2011, the 30 kWt Solar Furnace for Higher Radiative Fluxes (HoSIER) of the Renewable 
Energy Institute (former Center for Energy Research) of the National University of Mexico (IER-UNAM) 
is in operation. The optical design of the HoSIER-UNAM includes a total of 409 spherical facets, divided 
into 5 different focal length groups [1]. A ray-tracing simulation was carried out to realize a three-
dimensional analysis of the concentrated solar radiation distribution at the focal area of the HoSIER. In 
this way, theoretical profiles of the radiative flux were obtained. To get the experimental profiles of the 
concentrated solar irradiance of the HoSIER, a Lambertian screen was placed in the focal zone, normal to 
the optical axis of the concentrator. The screen was moved along 10 cm on the focus with each flat 
separated 5 mm of distance and in front of a CCD 8-bit digital camera. With the CCD was possible to 
obtain several experimental radiative flux distributions and thus it was possible to validate the ray-tracing 
simulation. This comparison shows a very good agreement between experimental and theoretical 
distribution. 
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1. Introduction 
Solar furnaces are devices for research purposes, due to its ideal operating conditions, for carry out 
experimental tests with controlled conditions [2].  This is fundamental for the development of solar 
technologies or the study of materials properties [3][4]. According with it, in 2007 started the construction 
of HoSIER, and finished in 2011. In a previous work [5] the first results for the HoSIER flux distributions 
were presented. In order to use correctly the HoSIER it is necessary to evaluate its optical characteristics 
through the knowledge of the solar radiation concentrated distribution, the overall optical error and the 
total power that can be reached. In this paper, a theoretical and experimental 3D analysis of solar 
radiation distribution at the focal zone of the HoSIER is presented. It is important to optimize the receiver 
configuration of solar concentrating systems [6]. The total 409 facets were used, as well as the 81 m² 
heliostat, designed specifically for the solar furnace (see figure 1). 
A ray-tracing simulation was carried out to realize a three-dimensional analysis of the concentrated 
solar radiation distribution at the focal area of the HoSIER. In this way, theoretical profiles of the 
radiative flux were obtained. To get the experimental profiles of the concentrated solar irradiance of the 
HoSIER, a Lambertian screen was placed in the focal zone and in front of a CCD 8-bit digital camera. 
Several optical filters were used to optimize the resolution of the camera. Experimental profiles were 
obtained, and thus it was possible to validate the ray-tracing simulation. 
 
 
Fig. 1. Outside picture of the HoSIER and 81 m² heliostat. 
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2. Theorical 3D solar concentration zone 
By means of the ray-tracing simulation SOLTRACE [7], it was possible to obtain several radiative flux 
distributions on a flat surface, normal to the optical axis of the concentrator, along 10 cm on the focus 
with each flat separated 5 mm of distance. 
Figure 2 shows a schematic of the planes on which is calculated the distribution of concentrated solar 
radiation. 
 
 
Fig. 2. Parallel planes along the optical axis of the concentrator modeled in SOLTRACE. 
 
Another plane on which is calculated the distribution of concentrated solar radiation is a parallel plane, 
and located in line with the optical axis of the concentrator and in a vertical position as shown in Figure 3. 
This simulation complements the results of the orthogonal planes giving us a general view or the 
irradiance distribution along the focal axis around the focal point. In figure 4 we can see the relative 
irradiance profile along the focal axis, obtained from orthogonal planes.  
 
 
Fig. 3. Parallel plane to the optical axis of the concentrator. 
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With orthogonal planes, a volume was constructed around the focal zone of the concentrator,
interpolating the points between planes for a fixed value of irradiance. This volume was called 
protosurface [6]. Figure 5 shows the volume defined by the protosurface formed by intensities of solar 
radiation flux of 10 MW/m2, further, the figure 5 show the planes located in the focal zone in orthogonal
position and vertical and horizontal plane, parallel to the optical axis of the concentrator.
Fig. 4. Theoretical normalized profile of irradiance distribution along the optical axis, obtained from the orthogonal planes.
Fig. 5. Theoretical protosurface of 10 MW/m2 and orthogonal planes.
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Figure 6 show some of the theoretical protosurfaces of radiative flux concentrated, obtained by ray 
tracing, with intensities of 15.0, 12.5, 10.0, 7.5, 5.0, 2.5 y 1.0 MW/m2. For the simulations we use a
global optical error of 1.7 mrad. The shape for this protosurfaces have a good agreement with results for a
previous work related with the optical design of the HoSIER [8] (See figure 6b)
Fig. 6. Theoretical protosurfaces of concentrated solar radiation in the focal zone of HoSIER, along the optical axis of the
concentrator.
Fig. 6b. Transversal view of protosurfaces along the focal axis for different values of concentrated solar irradiance [8].
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3. Experimental 3D solar concentration zone 
The procedure described above to determine theoretically protosurfaces of concentrated solar radiation 
in the focal zone of the concentrator of the HoSIER now it is performed experimentally, to achieve this, 
the real distributions was obtained from concentrated solar radiation in planes located at the same 
positions that theoretical planes calculated with ray tracing, this was done as explained below: 
A flat plate with Lambertian surface was placed orthogonal to the optical axis of the concentrator, right 
in the focus (see Figure 7.), on which the project concentrated solar radiation and take a picture with a 
CCD camera of that distribution of radiation. This procedure was repeated by moving the position of the 
plate every 5 mm from the focus and the axis direction along 10 cm. After, the plate was located parallel 
to the axis in vertical position, leaving the lambertian surface of the plate on the axis of the concentrator 
as shown in Figure 8. 
 
 
 
Fig. 7. Schematic experimental setup for taking images of concentrated solar radiation on a lambertian surface. 
 
 
 
Fig. 8. Schematic of experimental arrangement for taking solar spot image on lambertian surface, parallel and in line with the optical 
axis of the concentrator. 
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To build the volume of concentrated solar radiation in the focal zone, the same code for the theoretical
volume, explained above, was used. In Figure 9 shows the volume defined by the intensities protosurface
formed by solar radiation flux of 10 MW/m2 and the planes located in the focal zone in orthogonal
position respect the optical axis of the concentrator. Additionally the experimental profile for irradiance
distribution along the optical axis was obtained from orthogonal planes (see Figure 10).
Fig. 9. Experimental protosurface of 10 MW/m2 and orthogonal planes.
Fig. 10. Experimental normalized profile of photonic distribution along the optical axis obtained from images taken with the CCD
on the orthogonal planes.
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Figure 11 shows some of the experimental protosurfaces of concentrated radiative flux with intensities
15.0, 12.5, 10.0, 7.5, 5.0, 2.5 and 1.0 MW/m2, as shown above the theoretical protosurfaces.
Fig. 11. Experimental protosurfaces of concentrated solar radiation in the focal zone of HoSIER, along the optical axis of the
concentrator.
4. Theoretical and experimental comparison of the focal zone
To make the analysis of information obtained from the modeling with software and real images
obtained from concentrated solar radiation, a comparison was made between the distribution profiles
theoretical and experimental concentrated solar radiation located in the planes orthogonal and that
obtained in the plane parallel vertically.
Figure 12 shows the comparison of the distribution profiles of concentrated solar radiation obtained
from the experimental and theoretical orthogonal planes. In Figure 13, experimental and theoretical
distributions obtained in the vertical parallel to the optical axis.
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Fig. 12. Comparison of the distribution normalized profiles of concentrated solar radiation obtained from the experimental and 
theoretical orthogonal planes. 
 
 
Fig. 13. Comparison of the distribution normalized profiles of concentrated solar radiation obtained in the vertical parallel to the 
optical axis. 
 
5. Conclusions 
It was possible to obtain the set of protosurfaces of radiative flux intensities from interpolation of 
orthogonal planes to the optical axis of the concentrator both theoretically and experimentally. 
The profiles of radiative flux obtained theoretically through the raytracing, correspond to actual 
radiative flux obtained from the experiment.  
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